Transient noise is a typical real-life noise problem. In order to develop efficient methods of dealing with it, the generating and transmitting mechanisms of transient noise radiating from a vibrating structure have been widely studied. The analytical methods used differ according to the properties of the excitation, structure, and acoustic environment. Focusing on plate-like structures, this paper provides an overview of commonly-used approaches to the analysis of structural transient vibration and sound radiation (TVSR). A general process for solving this type of problem is presented, together with suggestions for future work in this field.
INTRODUCTION
The study of plate-like structures can serve as a first step in understanding and manipulating the dynamic and acoustic behavior of more complicated constructions. Examples include the walls and windows of buildings, factory machinery casings, parts of vehicle shells, and the hulls and bulkheads of ships. Several previous review articles have been reported in the summary of theoretical models and experimental techniques that can be used for the analysis of the plate structures [1] [2] [3] [4] [5] [6] [7] . In these review work, some are focused on the applications of one particular well-developed method [3, 5] , some are focused on the experimental techniques [1] , and many of them are only focused on the steady-state problems [2, 4 -6] .
As an important topic of the plate structure analysis, the transient vibration and sound radiation (TVSR) of plate structures are of great interest to industrial and structural engineers. However, the wide variety of excitation sources, structures, and radiation environments found, and their different characteristics, means it is not easy for engineers to quickly select an appropriate method for dealing with TVSR problems in practice. Therefore, an overview of the common approaches to predicting the TVSR of plates and to summarize a general process for analyzing this class of problem is still necessary and helpful. For this purpose, the remainder of this paper is structured as follows. In Sec. 2, common methods for predicting the TVSR of plates without considering the fluid-loading effect are reviewed and discussed. The fluid-loading effect and how to analyze it are discussed in Sec. 3. Finally, Sec. 4 presents a general process for analyzing the TVSR of plates, as well as some suggestions for future work in this area.
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NEGLECTING FLUID-STRUCTURE INTERACTION
The physical manifestation of sound is a time-dependent pressure fluctuation around the static pressure in a compressible fluid. Compared to the density of the structural material, the acoustic fluid can be divided into two types: "light" and "heavy." When a structure is vibrating in contact with a light fluid (such as air), the radiation loading the fluid exerts is generally small and can be neglected. In this situation, the dynamic response of the structure can be determined as though it were vibrating in a vacuum. The uncoupled acoustical problem of evaluating the pressure field generated by a vibrating structure can then be solved independently. Indeed, most of the dynamic response problems of a plate structure in the atmosphere can be solved by neglecting the fluid-structure interaction. In other words, the vibration motion and the sound radiation can be solved independently. The process can be described in three steps: (1) excitation analysis, (2) structural vibration analysis, and (3) sound radiation analysis.
Exciting force
It is necessary firstly to identify the transient excitation before analyzing the TVSR response of a plate. In most cases, this is produced by the collision of objects or incidence waves. The exciting force caused by the collision impact is usually more complex and difficult to measure. The Hertz contact theory is widely used to analyze this impact force [8] . The collision process is often modeled by a sphere colliding with the plate [9] [10] [11] [12] [13] [14] [15] [16] [17] . This process is the most typical representation of impact phenomena and the one which has been most extensively investigated, both theoretically and experimentally. The expression of the contact force generated during the elastic impact of a spherical striker (such as a ball) on a plane surface of semi-infinite solid is given as
where α is the relative approach of the striker and the impacted plane surface, ,and R is the radius of the ball. ν 1 , ν and E 1 , E are the Poisson's ratios and elasticity moduli of the sphere and the impacted object, respectively. In the Hertz contact theory, the plate is assumed to be of semiinfinite thickness (that is, the influence of plate thickness is ignored). This is valid where the time taken for the elastic waves to reflect from the lower surface of the plate back to the impact region is much longer than the contact duration. However, if the influence of the plate's thickness needs to be considered, the vibration equation of the plate should also be introduced [15] . Combining this with Hertz's theory, Takahagi and Nakai [15] calculate the impact force histories using both the classical and Mindlin's theories. They find that (1) the impact force history of the plate of finite thickness is determined mainly by three parameters, namely the maximum impact force, the impact duration, and the rise time; (2) these three parameters vary greatly for different plate thickness; and (3) the rotatory inertia and shear have only a small effect on the impact force history. In addition, Eq. (1) should be further revised if the structure is a viscoelastic plate. In such a case, k in Eq. (1) is no longer a constant but a relaxation function which depends on the configuration of the contacting solids and their material properties [9, 12] . The solution can be obtained from that for the corresponding elastic problem [10, 16] . Pao [10] deduces the solution for the viscoelastic case based on the stress-strain relation between the elasticity and viscoelasticity, deriving a general process to obtain the solution of the viscoelastic case. The process can be described as (1) finding the solution for the elastic case, (2) deducing its Laplace transform, (3) replacing the shear modulus in the transformed solution with a viscoelastic function, and (4) obtaining the viscoelastic solution by taking the inverse transform of this modified solution.
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Structural vibration
The vibration motion differs according to the geometry, property, and boundary conditions of the plate. Different approaches are suitable for different types of plates.
Structure Thickness
The plate's thickness, or more accurately the quantitative relationship between its thickness and the wavelength, is an important factor in plate vibration analysis. When analyzing the vibration of a "thin" plate, the classical plate theory (the so-called thin-plate theory), in which the effects of the rotatory inertia and shear are neglected, is a popular tool. However, the thin-plate theory fails at high frequencies where the wavelength is no longer a large number when compared to the plate thickness. In this situation, the classical plate theory should be supplanted by the Timoshenko-Mindlin theory in which the effects of rotatory inertia and shear are considered. Mindlin [18] conducted an extensive study on the influence of rotatory inertia and shear on the flexural motions of elastic plates. He concludes that classic plate theory can yield good results for long waves but departs markedly from the three-dimensional theory when the wavelength is less than 5 or 10 times the plate thickness. Mackertich and colleagues [19] also point out that the classic plate theory is useful only for frequencies where the ratio of wavelength to plate thickness is higher than eight. Based on these findings, some researchers [11, 13, 14] derive the transient vibration equation by using the thin-plate theory in which the normal mode analysis method is used to solve the equation in the time domain; while other authors [15, 17] use the Timoshenko-Mindlin plate theory to analyze the transient field of the thick plate. The results confirm that the results calculated for the thick plate, using the Timoshenko-Mindlin theory, correspond more closely to the experimental findings than those obtained by the thin-plate theory, especially in the initial peak.
The early short time transient responses of structures are of importance. One reason, for example, is that their resultant initial transient acoustic waves may have a higher detrimental effect on the auditory system [20] . For this aspect, the wave methods, such as the generalized ray method (GRM) and the method of reverberation ray matrix (MRRM), can be effective tools and have been used in the study of the transient response of beams, planar trusses, space frames and layer media. A very recent work conducted by Li et al. [21] have extended this method to the transient analysis of plate structures. Combining this wave method with the Mindlin plate theory, the transient wave propagation and early short time transient response of a finite plate subjected to shock loads are calculated. The results agree well with the experimental data and show that the plate thickness has prominent influence on the early short time transient acceleration and shear strain.
Boundary Condition
The vibration analysis of structures with various boundary conditions has received considerable attention [22, 23] . Although surface damping treatments are effective for vibration control, it is not always possible to implement them in real situations. In such cases damping treatment at the supports can be an effective alternative.
It is widely accepted that even for classical boundary conditions there is no exact solution, except for some specified ones that require simple supports to be applied along at least one pair of opposite edges [24] . Accordingly, approximate solution techniques are needed for the analysis of the effects of different boundary conditions. The Rayleigh and Rayleigh-Ritz method is one of the most popular techniques for exploring this type of problem. When it is used, the characteristic functions of beams with similar boundary conditions often serve as the admissible functions [25] [26] [27] . Otherwise, simple polynomials, trigonometric functions, and their combinations can also be selected [28, 29] . The approach of using the Rayleigh-Ritz method combined with suitable admissible functions provides a good example of how to derive analytically the solutions of plates with general boundary conditions. However, it requires the admissible functions to permit the reconstruction of any possible deflection or rotation along the whole structure's contour, which has various difficulties; (1) this requirement makes the selection of admissible functions difficult; (2) even after admissible functions are found, the convergence speed of the solution can be very slow when considering complex boundary conditions [30] ; and (3) the external loading must be capable of being expressed in the form of the chosen admissible functions, making the analysis more complex, especially when the forces are time-dependent and distributed in nature.
Another popular analytical method for the vibration analysis of plate structures with general boundary conditions is the superposition method of Gorman (Gorman method) [5] . The main ideas of Gorman method can be implemented by (1) defining the structure with original boundary conditions as a set of structures with prescribed simple boundary conditions, (2) solving each element of the set analytically by using suitable methods such as a generalized Levy method, and (3) superimposing all the solutions so that the superimposed solution satisfies the original required boundary conditions. The Gorman method has a lot of applications in the steadystate analysis of plates while there are still few in the plate's transient analysis [31] [32] [33] [34] [35] . A recent research conducted by Mochida and IIanko [36] has proved that this method is also effective for solving the transient vibration response of a plate with non-classical boundary conditions and has faster convergence rate than that of the Rayleigh-Ritz method.
Recently, numerical models based on the Finite Element Method (FEM) have been developed for use in analyzing both the steady-state [37] [38] [39] [40] and transient vibrations of plates with arbitrary boundary conditions [41] [42] [43] . In the FEM model, the boundary supports can be idealized by combining translational and rotational springs. Their parameters can then be varied spatially along each edge to represent arbitrary restraints. FEM has several advantages over other methods: (1) since the structure is subdivided into elements, the boundary conditions can be satisfied simply in each individual one; (2) the shape functions used in the element consist only of simple polynomials; (3) the integration of mathematical expressions involving the shape functions and their derivatives is straightforward; and (4) arbitrary time-dependent distributed forces can be used directly in the model. Moreover, a study by Chiello shows that component mode synthesis (CMS) techniques can easily be built into the FEM to analyze the effects of boundary conditions [44] . Based on the CMS method, the boundary supports can be treated as substructures and the changes of the boundary conditions easily incorporated, which makes this technique suitable for parameter studies and optimization.
Structure of the Material
The material properties are also important factors in the analysis of the vibration behavior of a plate. According to different types of constitutive equations, materials can be classified into viscous, elastic, viscoelastic, and plastic. In this study, we consider only elastic and viscoelastic plates, which are commonly used in daily life. Most of the analytical models discussed in Sec. 2.2.1 use the elastic plate model. This subsection focuses on approaches to the analysis of viscoelastic plates.
Robertson solves the forced motion of classical circular viscoelastic plates [45] and Mindlin circular viscoelastic plates [46] based on Valnis' and Williams' methods, respectively. In both studies, the superposition principle is applied to reduce the solution of the viscoelastic problem to that of a static elastic problem and an integro-differential equation. Meanwhile, the fractional derivatives are frequently used to describe the damping features of the viscoelastic plates [47, 48] . These studies employ the Laplace integral transform method, with the damped vibration solution of the viscoelastic plate found to take the form of the sum of two terms. These two terms describe the drift of the system's equilibrium position and the damped vibrations around that point, respectively.
It is worth mentioning that, to obtain the equations for a viscoelastic plate, one can take the equations for the elastic plate and replace the elastic constants with their
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viscoelastic counterparts. The solution of the viscoelastic problem can thereby be found from the solution of the corresponding elastic problem. With the help of this so-called Correspondence Principle, Dey and Rao [49] obtain the Laplace transform of the viscoelastic solution from that of the elastic solution, using the Kelvin model to describe the effect of internal viscoelastic damping. Also, Hewitt and Mazumdar [50] show that a viscoelastic plate vibrates in the same normal modes as an elastic plate of the same shape and with the same boundary conditions, and its time behavior can be found by using the frequency of the free vibration of the associated elastic plate.
The modeling of the structural damping is an important task in the analysis of the TVSR of plate structures. There are at least two parts of damping that need to be considered for finite plate structures, which include the damping of the structure body and the damping of the boundary support. The complex eigenvalue method can be used in this modeling and produce the solution in terms of damped normal modes [51, 52] . However, this method requires expensive computation and cannot exactly represent the actual material damping of the whole structure [52] . From this aspect, the modal strain energy (MSE) method is more suitable, especially for the plates with viscoelastic layers or viscoelastic boundary supports [53] . The main concept of the MSE method is that the damped structure can be represented in terms of the real normal modes of the associated undamped system by inserting appropriate damping terms into the uncoupled modal equation of motion [52] . To determine the damping terms, the modal loss factor is needed and can be obtained by calculating the ratio of the dissipative energy to the total structural strain energy. The modal loss factor can be calculated for each mode and, therefore, the structural damping factors can be directly added into the timedomain dynamic motion equation, which makes it convenient to handle the frequency dependent damping effects of the structure. However, one drawback of this method is that it uses the real normal modes of the corresponding undamped system to calculate the strain energy, and this would affect the accuracy of the results especially when the material loss factor is high because the damping of the system itself influences the modes of the whole structure. This problem is discussed in detail by Xu et al. [54] , as well as a proposed simple revised MSE method for resolving this problem.
Sound field
The time-domain boundary integral equation is powerful for analyzing the transient radiated sound field of the plate structures, given as [55] (2) where σ and σ * are the fundamental pressure and fundamental flux, p is acoustic pressure, the coordinates x and ξ are the source and receiver points respectively, the coefficient C(ξ) represents the solid angle at ξ, t represents time, ρ 0 is the density of the fluid. α n is the normal acceleration, and S is the structure surface area. Eq. (2) is valid for ρ in either the acoustic domain or on the surface of the structure. This equation shows that the transient radiated sound field can be calculated based on the structure surface vibration and sound pressure. The surface vibration can be determined from the methods mentioned in Sec. 2.2 or measured directly, while the surface sound pressure is typically unknown and can be determined by solving Eq. (2) numerically using the boundary element method.
Baffled flat plate structures are commonly used in a variety of real-life applications. For this type, the time-domain boundary integral equation can reduce to the well-known Rayleigh integral [26, 41, 42] , given as Eq. (3) shows that the radiated sound field can be directly determined by the structure surface vibration. Although the King integral, Schoch solution, and Convolution integral are other methods that can be used to solve the transient field of the baffled plate, these methods can be directly derived from the Rayleigh integral by appropriate changes in coordinates [56] .
FLUID-STRUCTURE INTERACTION
The discussion in the previous section neglects the fluid-structure interaction. However, when the structure is vibrating in a fluid environment, the fluid itself can react. Taking the thin-plate theory as an example, the flexural motions of the plate can be expressed as [11] (4)
In order to solve the vibroacoustic response of plates (especially in a heavy fluid) accurately, the dynamics of the structure and the sound radiation must be solved simultaneously. Therefore, the distributed load F in Eq. (4) should now be the sum of the external load and the reaction force caused by the surface acoustic pressure [37, 57, 58] .
Lax [59] shows that the influence of the fluid on the plate depends on the frequency and the nondimensional parameter β = ρR / ρ s h, where R is the radius of the plate, h its thickness, and ρ/ρ s the relative density of fluid to plate. For small values of β the plate behaves as if it were in a vacuum, whereas if β > 1 the fluid medium has an appreciable influence on its motion.
When dealing with the transient problem of the fluid-loaded plates, transform theory is often employed to solve the coupled differential equations. The Laplace (on the temporal variable) and the Hankel (on the spatial variable) transforms are used by Magrab [60] to solve the coupled differential equations for the vibration motion of the plate, while the Fourier complex (on the temporal variable) and the Hankel (on the spatial variable) transforms are used by Mackertich and Hayek [19] .
Modal expansion technique is another frequently-used method for analyzing this type of problem. In early studies [61, 62] , time-dependent in vacuo modal functions are used in the analysis of the TVSR of fluid-loaded plates. The acoustic loading caused by the interaction can be described as the modal sum of the convolutions of the velocity coefficients with the impulse responses of the modal radiation impedances [62] . Later investigations show that the fluid-loaded resonance modes are suitable for expressing the transient response of a fluid-loaded plate [63] [64] [65] . The commonly-used numerical methods for solving the resonance modes are the iterative technique, the Warburton approximation, and the perturbation technique. An analysis and comparison of these three methods by Habault and Fillippi [65] shows that (1) the iterative method converges rapidly even for a strong coupling; (2) the Warburton approximation gives reasonable accuracy in the case of a fluid loading, but this decreases as the influence of the fluid increases; and (3) the perturbation technique performs quite well in the case of a weak fluid loading (such as the plate in the air). The Taylor's method and its extensions [66] [67] [68] [69] [70] [71] are an important class of analytical approaches for the transient response analysis of fluid-loaded plates subject to shock loading. The pioneering work of this method [66] was carried out in 1941 for the fluid-structure interactions (FSI) analysis of an air-backed plate (short for ABP, i.e., only one side of the plate being contact with the fluid), in which a closed-form solution for the wetted surface pressure and plate response histories are obtained by neglecting the nonlinear fluid compressibility effects. In addition, the displacement and the velocity of the plate can be expressed in terms of the maximum overpressure of the blast wave, the characteristic time of FSI, and the relative duration of the incident blast wave and the interaction [66, 67] . Since then, this Taylor's ABP model has been extended to many other applications. For instant,
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it is extended to analysis the nonlinear compressibility effects in the FSI by involving the compressed values of the fluid quantities [67] , and also extended to the case of a submerged water-back plate (short for WBP, i.e., both sides of the plate being contact with the fluid) [68] . The WBP solution is found to have the same form as that for the ABP except for the FSI parameter and the cavitation inception time.
With the development of computer technology, numerical methods have also sprung up for the problems of FSI in underwater impacts. The main concepts of these methods can generally be divided into two categories: the monolithic approach [72] [73] [74] and the partitioned approach [75] [76] [77] . In the monolithic approach, the whole FSI problem is formulated in one coupled system (where the fluid and structure are solved simultaneously) with the benefit of not introducing partition errors but an increase in the complexity of governing equations. In contrary, the partitioned approach simplifies this complexity by solving the dynamics of the fluid and structure separately and thereby allows the use of well-established discretization and solution methods for each sub-problem; however, this approach may induce partition errors and the compatibility conditions should be explicitly satisfied on the coupled surface. Among the monolithic methods, the smoothed particle hydrodynamics technique (SPH) has been frequently used. The SPH, as a meshless Lagrangian method, has the Lagrangian nature and permits to easily follow in time the motion of the fluid-solid interface, even in presence of large displacements of the structure [78] . A comprehensive review of this method is given in Reference [79] . Two major drawbacks should be noted when choosing this method, which are its potential numerical instabilities and non-automatically guaranteed consistency [72] . The solutions for resolving these problems are discussed [80] [81] [82] . An alternative well-developed monolithic method is the Arbitrary Lagrangian Eulerian (ALE) method. In combining the best features of both the Lagrangian and the Eulerian approaches, the ALE method has the advantages that it does not require remeshing even after large mesh distortions and does not suffer ambiguity in the definition of the interface associated with the Eulerian perspective; however, the requirement of more computation for mesh adaptation and regularization is its disadvantage compared to meshless Lagrangian methods [76] . The partitioned approach, on the other hand, is also widely used for the coupled FSI problems. In this approach, usually a pair of selected techniques is used, by taking advantage of their properties, to calculate the fluid and structure subproblems separately and coupled by imposing the compatibility conditions over the fluid-structure interaction surface. The coupled SPH/FEM [76] and coupled FEM/BEM [77] are two of the most used partitioned methods. In a recent study [76] , the coupled SPH/FEM method is employed to examine its application in the transient FSI problems, in which the SPH and FEM methods are used to deal with the fluid and structural dynamics, respectively, while the Monaghan repulsive boundary condition is utilized for the coupling of the fluid and structural models.
DISCUSSION
Over the past decades, the TVSR responses of plate structures have been widely studied because of their importance in noise control engineering. Given the different characteristics of the excitation sources, structures and radiation environments, a diverse range of models and approaches has been used to solve this problem. This paper has provided an overview of the approaches that have commonly been used in the analysis of the TVSR of plates. A general process for solving this type of problem is summarized in Figure 1 . The notes on the figure are given as: (1) the Hertz Contact theory is useful for the modeling of the impact forces; the corresponding plate motion model needs to be combined with the Hertz Contact theory if the influence of plate thickness can not be neglected; the relaxation function of the contacting bodies needs to be employed in the Hertz contact theory if the plate is not a pure elastic one. (2) a suitable plate motion theory needs to be confirmed according to the ratio of the wavelength to the plate's thickness; the plate can be regarded as a thin one if this ratio is higher than ) for thin plates, the classical plate theory is valid where the effects of the rotatory inertia and shear are neglected to simply the problems. (4) for thick plates, the effects of the rotatory inertia and shear are not longer neglectable and the Timoshenko-Mindlin theory should be used rather than the classical plate theory. (5) the Correspondence Principle is useful which claims that the solution of the viscoelastic plate can be found from the solution of the corresponding elastic one by replacing the elastic constants in the plate equations with their viscoelastic counterparts; the modal strain energy (MSE) method is suitable for the modeling of the structural damping especially for the plates with viscoelastic layers or viscoelastic boundary supports. (6) a general boundary condition permits any possible deflection or rotation along the plate's contour; analytical methods, such as the Rayleigh and Rayleigh-Ritz method and Gorman method, and numerical models, such as the FEM method and CMS method, are effective for the analysis of the plate with general boundary conditions. (7) the time-domain boundary integral equation is powerful for analyzing the plate's transient radiated sound field, and its simplified form, the well-known Rayleigh integral, is suited for the baffled plate calculation. (8) the fluid-structure interaction (FSI) should be considered in the fluid-loaded plate especially when the plate is contact with a heavy fluid; the transform theory, modal expansion technique, Taylor's method and numerical discretization methods can be chosen to solve this transient FSI problem.
In spite of the numerous publications on this subject, there are still some areas in which further study of the TVSR of plate structures is required. Based on this review, some suggestions for future research can be made as follows.
1. Analytical methods for the TVSR analysis of plate structures with general boundary conditions are still very limited and most of them suffer a slow convergence problem especially when considering complex boundary conditions. More efficient analytical methods are still needed for this type of problem. For this end, for example, the approximate solution technique, such as the Gorman method, can be considered. The reasons are: (1) the Gorman method is found to have a relatively high convergence rate, (2) it has been employed to deal with several steady-state problems of plates with general boundary conditions, and (3) recently its capability to handle the transient problems has been preliminarily proved by solving the transient vibration of a plate with a completely free boundary. 2. Although the analytical solution usually gives better insight into the actual system behavior, numerical solution techniques have many attractive advantages in handling complex problems, e.g., the plates with complex geometries and boundary conditions. Such numerical techniques like the FEM method, CSM method and their combinations, which have successively increasing applications in the TVSR analysis of complex plate problems in the very recent years, are recommendable. 3. The fluid loading effect is often neglected in the study of plate TVSR problems, especially for the case of the plate with complex boundary conditions. There remains a need to develop methods that can effectively consider both the FSI effects and complex boundary conditions. The full coupled Numerical method, such as the coupled SPH/FEM method or the coupled FEM/BEM method, can be the one of choice since they can simplify the complexity by solving the dynamics of the fluid and structure separately and take advantage of their properties in the analysis of coupled FSI problems.
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